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From Fermat Principle to Wave equation
Naohisa Ogawa ogawanao@hit.ac.jp
Hokkaido Institute of Technology, Sapporo 006-8585 Japan abstract The Fermat principle indicates that
light chooses the temporally shortest path. The action which express this motion is not the proper time, but
it is the observed time, i.e. time along the path of light, which we call Fermat action hereafter. Then how
can we derive the Lorentz invariant wave equation for light from such a “non-relativistic” Fermat action?
This is the main theme in this paper. To answer this question, we have discussed two points. Starting from
the action of relativistic massive particle: proper time, we have shown the action becomes Fermat’s one in
the massless limit. Then we start from such a “non-relativistic” action, and we obtain the wave equation of
light. The way to achieve this is the quantization of “particle mechanics of light” with its Fermat action.
This pedagogical introduction of wave equation directly shows Feynman’s idea for light.
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